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(54) PRODUCTION OF PHOTOMASK AND APPARATUS THEREFOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a process for producing 
such a photomask which obviates a positional error of the projected 
image of the pattern of the photomask even when the photomask is 
deformed by its own weight, etc., at the time of use. 

OLUTION: A substrate 55 for the photomask is placed atop a 
substrate holder 51 having an upwardly projecting surface. This 
substrate holder 51 is fixed into a susceptor 56 and the surface of 
this susceptor 56 is provided with fixing pins 52A, 52B for 
downwardly energizing the parts near the opposite two sides of the 
substrate 55. After the position of the susceptor 56 is set by an X"Y 
stage 57, the prescribed original plate pattern is drawn on the 
substrate 55 by means of a writing system 62. The upward « 
deformation quantity of the pattern surface of the substrate 55 is ^ 
previously set the same as the downward deformation quantity of 
the pattern surface of the substrate 55 by its own weight of the 
photomask at the time of the produced photomask is used 
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CLAIMS 



[Claim(s)] 

[Claim l] The manufacture approach of the photo mask characterized by doubhng the 
deformation condition of said substrate with said deformation condition predicted in 
case the deformation condition of the substrate of said photo mask at the time of the 
imprint in said aligner is predicted and the pattern for an imprint is drawn or imprinted 
on said substrate in the manufacture approach of the photo mask used for the imprint 
in an aligner. 

[Claim 2] The manufacture approach of the photo mask according to claim 1 
characterized by sagging said substrate so that the forming face of the pattern for said 
imprint may turn into a convex. 

[Claim 3] Claim 1 characterized by manufacturing the parent mask with which the 
pattern corresponding to the pattern for said imprint was formed, and carrying out 
projection exposure of the optical image of the pattern of said parent mask on the 
substrate of said photo mask, or the manufacture approach of a photo mask given in two. 
[Claim 4] Claim 1 characterized by dividing into the pattern of two or more parent 
masks the pattern to which the pattern for said imprint was expanded, and carrying out 
the sequential imprint of the cutback image of the pattern of said two or more parent 
masks on the substrate of said photo mask, performing a screen splice, or the 
manufacture approach of a photo mask given in two. 

[Claim 5] The manufacturing installation of the photo mask characterized by having the 
photo-mask attachment component which is made to deform the substrate of said photo 
mask into a predetermined condition, and holds it in the manufacturing installation of 
the photo mask used for the imprint in an aligner, and the pattern formation system 
which draws or imprints the pattern for an imprint on said substrate held at this 
photo mask attachment component. 

[Claim 6] Said photo-mask attachment component is the manufacturing installation of 
the photo mask according to claim 5 characterized by holding so that the pattern 
formation side of said substrate may turn into a convex to said pattern formation 
system. 

[Claim 7] Said photo mask attachment component is the manufacturing installation of 
the photo mask according to claim 6 with which the field in which said substrate is laid 
is characterized by having a cylinder side-like mounting member and the energization 
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member which energizes near [ where said substrate on this mounting member 
counters ] the two sides to this mounting member side. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] In case this invention manufactures micro devices, such as a 
semiconductor integrated circuit, a liquid crystal display component, or the thin fihn 
magnetic head, using a lithography technique, it relates to the manufacture approach of 
a photo mask and equipment which are used as an original edition pattern. 
[0002] 

[Description of the Prior Art] In case devices, such as a semiconductor integrated circuit, 
are manufactured, the photo mask with which the original edition pattern which 
expanded the circuit pattern which should be formed to about 4 to 5 times was formed is 
used, and the imprint method which carries out cutback projection of the pattern of this 
photo mask on exposed substrates, such as a wafer or a glass plate, through a cutback 
projection optical system is used. An ahgner is used in the case of the imprint of the 
pattern of such a photo mask, and the photo mask used with the cutback projection 
mold aligner of a step-and repeat method is also called reticle. 

[0003] Conventionally, such a photo mask was manufactured by using an electron beam 
exposure system or laser beam drawing equipment on a predetermined substrate, and 
drawing an original edition pattern. That is, after forming a mask ingredient and 
applying a resist on the substrate, the original edition pattern is drawn using an 
electron beam exposure system or laser beam drawing equipment. Then, the original 
edition pattern was formed with the mask ingredient by developing the resist and 
performing etching processing etc. in this case, since the pattern which expanded the 
pattern of a device beta twice is sufficient as the original edition pattern drawn by that 
photo mask when the cutback scale factor of the aligner of the cutback projection mold 
which uses that photo mask is made into 1/beta twice, the drawing error by drawing 
equipment is reduced about 1/beta twice on a device, therefore, the pattern of a device 
can be substantially formed by twice [ about 1/beta ] as many resolving power as the 
resolving power by drawing equipment. 

[0004] Moreover, in such drawing equipment, in case an original edition pattern is 
drawn on the substrate for photo masks, it is arranged almost evenly from the relation 
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on arrangement with the stage device to which the substrate is held and moved, and the 
drawing system which consists of optical system or an electron optics system, so that 
the pattern side of the substrate may serve as "facing up." 
[0005] 

[Problem(s) to be Solved by the Invention] Like the above, conventionally, the original 
edition pattern of a photo mask is drawn by the electron beam exposure system or laser 
beam drawing equipment, and the pattern side of the substrate for photo masks is 
arranged upward almost evenly at the time of drawing. On the other hand, from the 
relation on arrangement with the stage device to which an exposed substrate is held 
and moved, and a projection optical system, when the manufactured photo mask is used 
with the aligner which performs exposure to exposed substrates, such as a wafer, it is 
arranged so that the pattern side of the substrate of a photo mask may serve as "facing 
down." Moreover, the original edition pattern which should be imprinted is formed in 
the core of a photo mask, and since this part cannot be held, maintenance of a photo 
mask is performed in the form supporting the periphery of that substrate. For this 
reason, as for a photo mask, in the condition of being used with an aligner, it is common 
to be used, where self-weight deformation is carried out so that it may become a convex 
in the direction of a pattern side. 

[0006] Thus, in the photo mask which carried out self-weight deformation, the pattern 
side which deformed into the convex in connection with deformation will deform in the 
direction in which the location of elongation and an original edition pattern is expanded 
slightly. As above-mentioned, on the other hand, with the drawing equipment of the 
conventional photo mask Since having been arranged evenly was common so that the 
pattern side of the substrate at the time of drawing of an original edition pattern might 
turn to the upper part The self-weight deformation at the time of drawing had the 
inconvenience that the location precision of the projection image of an original edition 
pattern will fall, when the self-weight deformation at the time of an activity (pattern 
facing down) became large and used a photo mask actually in connection with it to there 
being nothing not much. Although it is mostly settled in tolerance in the actual 
condition, it has a possibility that the location precision may stop settling in tolerance 
as the degree of integration of the pattern to be imprinted from now on and whenever 
[ the amount's of such a location precision of lowering / detailed ], improve further. 
[0007] Moreover, although manufacturing the original edition pattern of a photo mask 
by imprinting a predetermined pattern using a projection aligner is also considered, 
when the pattern side of the substrate of that photo mask is evenly held upward in a 
projection aligner also in this case, there is a possibility that the position error of a 
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projection image etc. may arise, at the time of a actual activity. In case this invention 
uses a photo mask in view of this point, even if it is the case where self'weight 
deformation etc. arises, it aims at offering the manufacture approach of a photo mask 
that the location precision of the projection image of the photo mask is maintainable 
good. 

[0008] Moreover, this invention aims also at offering the manufacturing installation 

which can enforce the manufacture approach of such a photo mask. 

[0009] 

[Means for Solving the Problem] The manufacture approach of the photo mask by this 
invention predicts the deformation condition of the substrate (4) of the photo mask at 
the time of the imprint in the aligner, and in case it draws or imprints the pattern for an 
imprint on the substrate (4), it doubles the deformation condition of the substrate with 
the deformation condition predicted in the manufacttu-e approach of the photo mask 
(34) used for the imprint in an aligner. 

[0010] According to this this invention, since the deformation of the substrate at the 
time of drawing of a up to [ the substrate for the photo masks at the time of 
manufacturing a photo mask ] or projection has agreed with deformation, such as 
self- weight deformation of the substrate when exposing using the photo mask, even if it 
deforms the substrate at the time of the activity of the photo mask, it does not have 
lowering of the location precision of a projection image. 

[OOll] In this case, it is desirable to sag that substrate (4) so that the forming face of the 
pattern for that imprint may turn into a convex. When using a photo mask with the 
usual aligner, the substrate of the photo mask is supported so that the pattern side may 
turn into a convex, in order to carry out self-weight deformation downward. Therefore, 
the location precision of the projection image at the time of using the photo mask 
becomes small. 

[0012] Moreover, the parent mask with which the pattern corresponding to the pattern 
for the imprint (27) was formed is manufactured, and it may be made to carry out 
projection exposure of the optical image of the pattern of the parent mask on the 
substrate (4) of the photo mask. Even when carrying out projection exposure of the 
optical image, the location precision at the time of an activity improves by doubling the 
deformation condition of the substrate (4) at the time of an activity. 

[0013] Moreover, the pattern (36) to which the pattern for the imprint (27) was 
expanded is divided into the pattern of two or more parent masks (Rl RN), and it is 
desirable to carry out the sequential imprint of the cutback image of the pattern of the 
two or more parent masks on the substrate (4) of the photo mask, performing a screen 
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splice. In this case, as an example, the thin film of a mask ingredient is formed on the 
substrate (4) of that photo mask, and sensitive material, such as a photoresist, is 
applied on this. Then, on the sensitive material, it is optical, and after the cutback 
image of the pattern of two or more parent masks is imprinted using the aligner of a 
cutback projection mold by step and-repeat method or step ■ and ■ scanning method, 
development of the sensitive material is performed, for example. And the pattern for a 
desired imprint (original edition pattern) is formed by performing etching etc. by using 
the pattern of the left behind sensitive material as a mask. 

[0014] under the present circumstances, if it is alike and the cutback scale factor of an 
aligner optical [ for that photo mask manufactiu-e ] is made into 1/alpha twice (alpha is 
a larger integer than 1, a half-integer, etc.), it will be expanded alpha twice, the pattern 
(27), i.e., the original edition pattern, for that imprint, and this expanded parent 
pattern (36) will be divided into the pattern of the parent mask of alphaxalpha ** in all 
directions. If it is 1/5 time (alpha= 5) the cutback scale factor of this, 25 parent masks 
will be prepared by 5x5 times, since [ consequently, ] the pattern formed in each parent 
mask turns into some parent patterns which expanded the original edition pattern 
alpha twice 1 of the former [ amount of data / of the pattern of each parent mask / 
drawing ]/alpha 2 Decreasing to extent, minimum line width becomes twice [ alpha ] 
over the past. Therefore, the pattern of each parent mask can be drawn to high degree of 
accuracy by few drifts in a short time, for example using a conventional electron beam 
exposure system or laser beam drawing equipment, respectively. Moreover, in order that 
the drawing error by drawing equipment may decrease to 1/alpha on the photo mask, 
the precision of an original edition pattern improves more. Furthermore, since the 
pattern of those parent masks can be imprinted at a high speed on the substrate of the 
photo mask by a step and repeat method etc. once manufacturing those parent masks, 
the production time in the case of manufacturing two or more sheets of especially the 
photo mask can be separately shortened substantially compared with the method which 
draws with drawing equipment like before, 

[0015] Moreover, in case the sequential imprint of the cutback image of the pattern of 
two or more parent masks (Rl-RN) is carried out on the front face of the substrate (4), it 
is desirable to amend the image formation properties (an imprint location, a scale factor, 
distortion, etc.) of the cutback image of the pattern of the parent mask (Rl-RN) at least 
according to one side of the nonrotation symmetry aberration of the projection optical 
system (42) of a projection aligner and the distortion property which use the photo mask, 
respectively. 

[0016] thus, when the amount of fluctuation of the predetermined image formation 
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property of the aligner which uses the photo mask is known beforehand In case the 
pattern image of each parent mask is imprinted performing a screen splice on the 
substrate of the photo mask, so that the amount of fluctuation of the image formation 
property may be offset by the imprint location of the pattern image of each parent mask, 
the scale factor, and adjusting distortion etc. further Distortion of the device pattern 
eventually exposed using the photo mask etc. becomes small, and superposition 
precision etc. improves. 

[0017] About this, several many sheets of the photo mask may be manufactured, and 
these photo masks may be used by two or more sets of projection aligners by a mix and 
match method etc. In this case, it is desirable to adjust an imprint location, the 
characteristic of image, etc. at the time of connecting and imprinting the pattern of each 
parent mask according to average properties, such as the distortion property of the 
projection image of at least two sets of the projection aligners which are due to use those 
photoresists, so that a good superposition precision may be acquired with each 
projection aligner. 

[0018] Next, as for the photo mask, being further used by cutback projection is desirable, 
the photo mask as what is used by cutback projection of for example, 1/beta twice (beta 
is a larger integer than 1 or a half-integer) in the cutback scale factor of the aligner for 
manufacturing the photo mask, supposing it is 1/alpha twice (alpha is a larger integer 
than 1 or a half-integer like beta), the drawing error of the pattern of each parent mask 
will be reduced l-/(alpha-beta) twice on the device pattern exposed eventually. 
Therefore, also when setting minimum line width of a device pattern to current one half 
temporarily, an electron beam exposure system or laser beam drawing equipment is 
used, and the pattern of each parent mask can be easily drawn in a required precision in 
a short time. Therefore, even if a pattern rule makes it detailed further, a desired device 
pattern can be exposed in a required precision. 

[0019] Next, the manufactxu'ing installation of the photo mask by this invention In the 
manufactxu*ing installation of the photo mask (34) used for the imprint in an aligner 
The photo-mask attachment component which is made to deform the substrate (4) of the 
photo mask into a predetermined condition, and holds it (51, 52A, 52B), It has the 
pattern formation system (l, 2, 3; 62) which draws or imprints the pattern for an 
imprint on the substrate (4) held at this photo mask attachment component. By using 
the manufacturing installation of this photo mask, the manufacture approach of the 
photo mask of this invention can be enforced. 

[0020] In this case, that photo mask attachment component has desirable held so 
that the pattern formation side of that substrate (4) may turn into a convex to that 
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pattern formation system. It can respond to the anticipated use condition of a photo 
mask now. Moreover^ as for that photo mask atta component, the field in which 

that substrate (4) is laid has as an example a cylinder side hke mounting member (51) 
and the energization member (52A, 52B) which energizes near [ where that substrate on 
this mounting member (4) counters ] the two sides to this mounting member side. By 
this, the pattern formation side of the substrate can be held in a convex. 
[0021] 

[Embodiment of the Invention] Hereafter, with reference to a drawing, it explains per 
example of the gestalt of operation of this invention. Drawing 1 is drawing showing the 
production process of the photo mask of this example, and the photo mask made 
applicable to manufacture by this example is the working reticle 34 used in case a 
semiconductor device is manufactiu-ed actually in drawing 1 . the whole surface of the 
substrate of light transmission nature with which this working reticle 34 consists of 
quartz glass etc. -■ chromium (Cr) and sihcification -- the original edition pattern 27 for 
an imprint is formed from molybdenum (MoSi2 etc.) or other mask ingredients. 
Moreover, two ahgnment marks 24A and 24B are formed so that the original edition 
pattern 27 may be inserted. 

[0022] furthermore, the working reticle 34 is used through the projection optical system 
of an optical projection ahgner by cutback projection of 1 / beta twice (beta is a larger 
integer than 1 or a half-integer, and is 4, 5, or 6 grades as an example), that is, in 
drawing 1 , after exposing to each shot field 48 on the wafer W with which cutback 
image 27W 1 / twice [ beta ] as many as the original edition pattern 27 of the working 
reticle 34 were applied to the photoresist, the predetermined circuit pattern 35 is 
formed in each of that shot field 48 by performing development, etching, etc. Moreover, 
in this example, image formation properties, such as nonrotation symmetry aberration 
of the projection image of that projection aligner and a distortion property, are 
measured beforehand, and this measurement result is used at the time of manufacture 
of that working reticle 34. Furthermore, in this example, the forecast of the deformation 
by the self- weight of the working reticle 34 at the time of laying the working reticle 34 
in the projection aligner is calculated, and like the after-mentioned, at the time of 
manufacture of the working reticle 34, the substrate for the working reticle 34 deforms 
into same extent as the forecast, and is laid. Hereafter, it explains per example of the 
manufactiure approach of the working reticle 34 as a photo mask of this example. 
[0023] In drawing 1 , the circiiit pattern 35 of a certain layer of the semiconductor device 
manufactured eventually first is designed. The circuit pattern 35 forms line [ of the 
versatility / width of face / of the side which intersects perpendicularly / in the field of 
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the rectangle of dX and dY ] - tooth-space pattern, etc. this example - the circviit 
pattern 35 - beta twice - the original edition pattern 27 with which it carries out and 
the width of face of the side which intersects perpendicularly consists of a field of the 
rectangle of beta dX and beta dY is created on the image data of a computer, beta twice 
are the inverse number of the cutback scale factor (l/beta) of the projection aligner with 
which the working reticle 34 is used. In addition, when reversal projection is carried out, 
it is reversed and has expanded. 

[0024] It carries out. next, the original edition pattern 27 - alpha twice (alpha is a 
larger integer than 1 or a half- integer, and is 4, 5, or 6 grades as an example) - The 
parent pattern 36 which consists of a field of the rectangle of alpha beta dX and 
alpha-beta dY is created on image data, and the width of face of the side which 
intersects perpendicularly divides the parent pattern 36 into alpha individual in all 
directions, respectively, and creates the parent patterns Pi, P2, P3, PN (N=alpha 2) 
of an alphaxalpha individual on image data. The case of alpha= 5 is shown by drawing 
1 . In addition, the need of making the scale factor alpha from the original edition 
pattern 27 to the parent pattern 36 not necessarily agreeing does not have the number 
of partitions alpha of this parent pattern 36. Then, from those parent patterns Pi (i= 1 - 
N), the drawing data for electron beam exposure systems (or laser beam drawing 
equipment etc. can be used) are generated, respectively, and the parent pattern Pi is 
imprinted on the master reticle Ri as a parent mask by actual size, respectively. 
[0025] the time of manufacturing the master reticle Rl of the 1st sheet •* the substrate 
top of light transmission nature, such as quartz glass, - chromium or silicification - 
after forming the thin film of mask ingredients, such as molybdenum, and applying an 
electron beam resist on this, the actual size image of the 1st parent pattern PI is drawn 
on that electron beam resist using an electron beam exposure system. Then, after 
developing an electron beam resist, the parent pattern PI is formed in the pattern space 
20 on the master reticle Rl by performing etching, resist exfoliation, etc. In this case, on 
the master reticle Rl, the alignment marks 21A and 21B which consist of two 
two-dimensional marks by position relation to the parent pattern Pi are formed. 
Similarly, an electron beam exposure system etc. is used for other master reticles Ri, 
and the parent pattern Pi and the alignment marks 21 A and 2 IB are formed in them, 
respectively. It is used for the alignment at the time of these alignment marks 21A and 
21B performing a screen splice behind. 

[0026] thus, the case where the amount of each drawing data carries out direct writing 
of the original edition pattern 27 in this example since each parent pattern Pi which 
draws with an electron beam exposure system (or laser beam drawing equipment) is a 
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pattern which expanded the original edition pattern 27 alpha twice " comparing -■ 
1/alpha 2 It is decreasing to extent, since [ furthermore/ ] it is twice [ alpha ] (for 
example, 5 times or 4 times) the minimum line width of the parent pattern Pi of this 
compared with the minimum hne width of the original edition pattern 27 ■- the electron 
beam resist of the former [ pattern / Pi / each / parent ] respectively - using - an 
electron beam exposure system -■ a short time - and it can draw to high degree of 
accwacy. Moreover, since the rest can manufacture the working reticle 34 of required 
number of sheets by repeating and using them like the after-mentioned once it 
manufactures the master reticles RI RN of N sheets, the time amoimt for 
manufacturing the master reticles RI RN is not a big burden. 

[0027] that is, the working reticle 34 is manufactured by imprinting the twice [ 1/alpha ] 
as many cutback image Pli (i= 1 - N) as the parent pattern Pi of the master reticle Ri of 
these N sheets, performing a screen splice, respectively. In addition, in order to reduce 
the drawing error in an electron beam exposure system etc. according to the 
equalization effectiveness, the parent pattern which divided tJie parent pattern 36 of 
drawing 1 is drawn to 2 sets of master reticles of two or more sheets, and you may make 
it expose the cutback image of the pattern of these 2 sets of master reticle groups in 
piles on the substrate 4 for working reticle 34. 

[0028] Drawing 2 shows the optical cutback projection mold aligner used in case that 
working reticle 34 is manufactured, and the exposure light IL is irradiated in this 
drawing 2 by the reticle on a reticle stage 2 from the illxmiination light study system 1 
which consists of a fly eye lens, an illumination system aperture diaphragm, a reticle 
blind (adjustable field diaphragm), a condensing lens system, etc. for the exposure light 
source and illuminance distribution equalization at the time of exposure. On the reticle 
stage 2 of this example, the i-th master reticle (i= 1 - N) Ri is laid. In addition, as an 
exposure light, the excimer laser (wavelength of 157nm) light of the bright lines, such as 
i line (wavelength of 365nm) of a mercury lamp, KrF (wavelength of 248nm) and ArF 
(wavelength of 193nm), F2, etc. can be used. 

[0029] Through a projection optical system 3, the image of the pattern in the lighting 
field of the master reticle Ri is cutback scale-factor 1/alpha (alpha is 5 or 4 grades), and 
is projected on the front face of the substrate 4 for working reticle 34. the substrate of 
light transmission nature [ like quartz glass ] whose substrate 4 is -■ it is - the pattern 
space 25 (refer to drawing 4 ) of that front face - chromium or silicification - the thin 
film of mask ingredients, such as molybdenum, is formed and the alignment marks 24A 
and 24B which consist of two two-dimensional marks for alignment so that this pattern 
space 25 may be inserted are formed. Moreover, the photoresist is applied so that a 
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mask ingredient may be covered on the front face of a substrate 4. Hereafter, the Z axis 
is taken to the optical axis AX of a projection optical system 3 at parallel, in a flat 
surface vertical to the Z axis, at right angles to the space of drawing 2 , a Y-axis is taken 
in the space of drawing 2 , and the X-axis is explained to parallel at it. 
[0030] First, a reticle stage 2 positions the master reticle Ri on this in XY flat surface. 
The location of a reticle stage 2 is measured by the non-illustrated laser interferometer, 
and actuation of a reticle stage 2 is controlled by this measurement value and control 
information from the main control system 9. On the other hand, a substrate 4 is held by 
vacuum adsorption on a non-illustrated substrate holder, this substrate holder is fixed 
on the sample base 5, and the sample base 5 is being fixed on X Y stage 6. The sample 
base 5 doubles the front face of a substrate 4 with the image surface of a projection 
optical system 3 by controlhng the focal location (location of the optical-axis AX 
direction) of a substrate 4, and a tilt angle by the autofocus method. Moreover, X Y stage 
6 positions the sample base 5 (substrate 4) in the direction of X, and the direction of Y 
with a linear motor system on the base 7. 

[0031] By 8m of migration mirrors fixed to the upper part of the sample base 5, and the 
laser interferometer 8 coxmtered and arranged, the X coordinate of the sample base 5, a 
Y coordinate, and an angle of rotation are measured, and this measurement value is 
supplied to the stage control system 10 and the main control system 9. 8m of migration 
mirrors names generically migration mirror 8mX of the X axis, and migration mirror 
8mY of a Y axis, as shown in drawing 3 . A stage control system 10 controls actuation of 
the linear motor of X Y stage 6 etc. based on the measurement value and the control 
information from the main control system 9. 

[0032] Moreover, in this example, the ledged reticle library 16 is arranged in the side of 
a reticle stage 2, and the master reticles Rl, R2, --, RN are laid on the support plate 17 
of N individual by which the sequential array was carried out into the reticle library 16 
at the Z direction. Such master reticles Rl RN are the reticles (parent mask) in which 
the parent patterns Pl-PN which divided the parent pattern 36 of drawing 1 , 
respectively were formed. The reticle library 16 is supported free [ migration to a Z 
direction ] by slide equipment 18, and the reticle loader 19 equipped with the arm which 
can rotate freely between a reticle stage 2 and the reticle library 16, and can move to it 
in the predetermined range at a Z direction is arranged. After the main control system 9 
adjusts the location of the Z direction of the reticle library 16 through slide equipment 
18, actuation of a reticle loader 19 is controlled, and it is constituted so that the desired 
master reticles Rl RN can be dehvered between the support plate 17 of the request in 
the reticle library 16, and a reticle stage 2. In drawing 2 , the i th master reticle Ri in 
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the reticle library 16 is laid on the reticle stage 2. 

[0033] Moreover, the stores 11, such as a magnetic disk drive; are connected to the main 
control system 9, and the exposure data file is stored in the store 11. The data of the 
image formation property of the projection image (projection optical system) of the 
projection aligner which uses the working reticle manufactured by the physical 
relationship, the mutual alignment information, and this mutual example of the master 
reticles RI RN etc, are recorded on the exposure data file. 

[0034] Here, with reference to drawing 5 , it explains to a detail per maintenance 
approach of the substrate 4 on the sample base 5. Drawing 5 (B) shows the 
configiu-ation of the attachment component on the sample base 5 of drawing 2 , in this 
drawing 5 (B), the substrate holder 51 with which the top face was made into the convex 
of the shape of a cylindrical side face is fixed on the sample base 5, and the substrate 4 
is laid on that convex. Moreover, lock pins 52A and 52B are formed on the sample base 5 
so that the fields El and E2 near [ which sandwiches the pattern space 25 of the pattern 
side (here top face) of a substrate 4 in the direction of X ] the two sides may be energized 
to the substrate holder 5 side. By this, the pattern space 25 of the substrate 4 for 
working reticle 34 is deforming into "it is convex." 

[0035] That is, as shown in drawing 5 (A) which is the top view of drawing 5 (B), in the 
field 53 near [ parallel to the Y-axis between 1 set of sides where the direction of X of the 
substrate 4 which is a rectangular plate counters ] the center line, as for a substrate 4, 
the pattern side is pushed on the upper part from a base side, and the pattern side is 
forced on the base side from the upper part in the fields El and E2 near the two sides of 
ends distant from the field 53. Thus, with reference to drawing 6 - drawing 8 , it 
explains per [ holding a substrate 4 ] advantage. 

[0036] The working reticle 34 which forms an original edition pattern on a substrate 4, 
and is manufactured by this example is laid on the reticle stage 49 of the projection 
aligner of drawing 6 , and the cutback image by the projection optical system 42 of the 
original edition pattern 27 of the working reticle 34 is projected on Wafer W. In this case, 
as for the working reticle 34, the field near the two sides of the direction of X is held by 
vacuum adsorption on the reticle stage 49. Therefore, as shown in drawing 7 , the 
pattern side (underside) in which the original edition pattern 27 of the substrate 4 of the 
working reticle 34 is formed is deforming into the bottom (projection optical system 42 
side) with the self-weight of a substrate 4 at the convex. By this, the original edition 
pattern 27 is deforming so that it may elongate. 

[0037] That is, predetermined pattern 54A shall exist in the location of distance xl from 
a core in the condition that there is no deformation in the working reticle 34 (substrate 
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4) as shown in drawing 8 (A). As shown in drawing 8 (B), supposing that pattern side 
deforms into "it is convex" according to self- weight deformation of the working reticle 34 
at this time, tension works in respect of the pattern of the working reticle 34, in respect 
of elongation, it, and objection of the distance between each part in the original edition 
pattern 27 (top face), a pressure will be added and the distance for two points will be 
shrunken. And it is on longitudinal plane of symmetry 4C of the thickness direction of 
the substrate 4 of the working reticle 34 that these amounts of telescopic motion 
balance. 

[0038] Therefore, the location of the above-mentioned predetermined pattern 54A will 
transform only delta x in the direction which separates from a core, it will move to 
location 54B, and the distance from a core will spread in x2. The amount delta x of 
displacement will become the position error of the cutback image in the case of using the 
working reticle 34 as it is. however, in this example, since the deformation same to the 
substrate 4 as the time of an activity is given also at the time of the exposure to the 
substrate 4 for the working reticle 34 as shown in drawing 5 , the physical relationship 
of a pattern with the time of manufacture and an activity is maintained -- having - the 
time of an activity (at the time of the imprint to a wafer) -- the location of a pattern - a 
variation rate does not pose a problem 

[0039] And after exposxu-e of the cutback image of the 1st master reticle Rl to the 1st 
shot field on a substrate 4 is completed to drawing 2 at the time of the exposure to the 
substrate 4 of the example of return and a book, the next shot field on a substrate 4 
moves to the exposure field of a projection optical system 3 by step migration of X Y 
stage 6. In parallel to this, the master reticle Rl on a reticle stage 2 is returned to the 
reticle hbrary 16 through a reticle loader 19, and the master reticle R2 for [ of a degree ] 
an imprint is laid on a reticle stage 2 through a reticle loader 19 from the reticle library 
16. And after alignment is performed, projection exposure of the cutback image of the 
master reticle R2 is carried out to the shot field concerned on a substrate 4 through a 
projection optical system 3, and exposure of the cutback image of the master reticles 
R2-RN which carries out a sequential response to the remaining shot fields on a 
substrate 4 by the step and repeat method below is performed. 

[0040] In addition, although the projection aligner of drawing 2 is an one-shot exposure 
mold instead, the cutback projection mold aligner of a scan exposure mold like step - 
and - scanning method may be used. In a scan exposure mold, the sjmchronous scan of 
master reticle and the substrate 4 is carried out by the cutback scale -factor ratio to a 
projection optical system 3 at the time of exposure. By using the aligner of a scan 
exposure mold, errors (skew error etc.) with difficult amendment may also be able to be 



[JP,11-194479,A] 
Page 13 of 22 



amended in an one-shot exposure mold like the after-mentioned. 

[0041] Now, in case the cutback image of the master reticles Rl-RN is exposed on a 
substrate 4 in this way, it is necessary to carry out the screen splice between adjoining 
cutback images (connecting) to high degree of accuracy. For that, it is necessary to carry 
out alignment of each master reticle Ri (i= 1 ■ N) and the shot field (referred to as Si) 
where it corresponds on a substrate 4 to high degree of accuracy. The projection aligner 
of this example is equipped with reticle and the alignment device for substrates for this 
alignment. 

[0042] Drawing 3 shows the alignment device of the reticle of this example, the 
reference mark member 12 of light transmission nature is fixed near the substrate 4 on 
the sample base 5 in this drawing 3 , and one pair of reference marks 13A and 13B of a 
cross-joint mold are formed at intervals of predetermined in the direction of X on the 
reference mark member 12. Moreover, the illumination system which illuminates 
reference marks 13A and 13B is installed in the projection optical system 3 side by the 
pars basilaris ossis occipitalis of reference marks 13A and 13B by the illumination light 
which branched from the exposure light IL. At the time of the alignment of the master 
reticle Ri, by driving X Y stage 6 of drawing 2 , as shown in drawing 3 , reference marks 
13A and 13B are positioned so that the core of the reference marks 13A and 13B on the 
reference mark member 12 may agree in the optical axis AX of a projection optical 
system 13 mostly. 

[0043] Moreover, two alignment marks 21A and 21B of a cross-joint mold are formed as 
an example so that the pattern space 20 of the pattern side (underside) of the master 
reticle Ri may be inserted in the direction of X. It is in the condition of spacing of 
reference marks 13A and 13B being set up almost equally to spacing of the cutback 
image by the projection optical system 3 of the alignment marks 21A and 2 IB, and 
having made the core of reference marks 13A and 13B agreeing in an optical axis AX 
mostly as mentioned above. By illuminating by the illumination light of the same 
wavelength as the exposure light IL from the base side of the reference mark member 
12, the amplification image by the projection optical system 3 of reference marks 13A 
and 13B is formed near the alignment marks 21A and 2 IB of the master reticle Ri, 
respectively. 

[0044] The mirrors 22A and 22B for reflecting the illumination light from a projection 
optical system 3 side in the **X direction above these alignment marks 21A and 21B are 
arranged, and it has the alignment sensors 14A and 14B of an image -processing method 
by the TTR (through THE reticle) method so that the illumination light reflected by 
Mirrors 22A and 22B may be received. The alignment sensors 14A and 14B are 
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equipped with an image formation system and two-dimensional image sensors, such as 
a CCD camera, respectively, the image sensor picturizes the image of the alignment 
marks 21A and 21B and the corresponding reference marks 13A and 13B, and the image 
pickup signal is supplied to the alignment signal -processing system 15 of drawing 2 . 
[0045] The alignment signal-processing system 15 carries out the image processing of 
the image pick up signal, calculates the amount of location gaps to the direction of X of 
the alignment marks 21A and 21B to the image of reference marks 13A and 13B, and 
the direction of Y, and supplies these 2 sets of amounts of location gaps to the main 
control system 9. The main control system 37 positions a reticle stage 2 so that 2 sets of 
the amounts of location gaps may fall within a predetermined range mutually 
symmetrically and, respectively. The parent pattern Pi (refer to drawing 1 ) in the 
pattern space 20 of the alignment marks 21A and 2 IB, as a result the master reticle Ri 
is positioned to reference marks 13A and 13B by this. 

[0046] In other words, the core (exposure core) of the cutback image by the projection 
optical system 3 of the parent pattern Pi of the master reticle Ri is positioned 
substantially at the core (almost optical axis AX) of reference marks 13A and 13B, and 
the side where the profile (profile of a pattern space 20) of the parent pattern Pi 
intersects perpendicularly is set as the X-axis and a Y axis by parallel, respectively. In 
this condition, the main control system 9 of drawing 2 is memorizing the coordinate 
(XFO and YFO) of the direction of X of the sample base 5 measured by the laser 
interferometer 8, and the direction of Y, and the alignment of the master reticle Ri ends 
it. After this, focusing on exposure of the parent pattern Pi, the point of the arbitration 
on the sample base 5 is movable. 

[0047] Moreover, in drawing 2 , in order to carry out location detection of the mark on a 
substrate 4 to the side face of a projection optical system PL, it also has the alignment 
sensor 23 of an image-processing method by the off axis method. The alignment sensor 
23 illuminates a **-ed mark by the illumination light of a broadband with 
nonphotosensitivity to a photoresist, picturizes the image of a **-ed mark with 
two-dimensional image sensors, such as a CCD camera, and supplies an image pick-up 
signal to the alignment signal-processing system 15. In addition, spacing (the amount of 
base lines) of the detection core of the alignment sensor 23 and the core (exposure core) 
of the projection image of the pattern of the master reticle Ri is beforehand called for 
using the predetermined reference mark on the reference mark member 12, and is 
memorized in the main control system 9. 

[0048] As shown in drawing 3 , two alignment marks 24A and 24B of a cross-joint mold 
are formed in the edge of the direction of X on a substrate 4. And after the alignment of 
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the master reticle Ri is completed, by driving X Y stage 6, the reference marks 13A and 
13B of drawing 3 and the alignment marks 24A and 24B on a substrate 4 are moved to 
the detection field of the alignment sensor 23 of drawing 2 one by one, and the amount 
of location gaps to the detection core of the alignment sensor 23 of reference marks 13A 
and 13B and the alignment marks 24A and 24B is measured, respectively. These 
measurement results are supphed to the main control system 9, and these 
measurement results are used. The main control system 9 The coordinate of the sample 
base 5 in case the core of reference marks 13A and 13B agrees focusing on detection of 
the alignment sensor 23 (XPO and YPO), And the coordinate (XPl, YPl) of the sample 
base 5 in case the core of the alignment marks 24A and 24B agrees focusing on detection 
of the ahgnment sensor 23 is searched for. The alignment of a substrate 4 is completed 
by this. 

[0049] Consequently, spacing of the direction of X of the core of reference marks 13A and 
13B and the core of the alignment marks 24A and 24B and the direction of Y serves as 
(XPO-XPl and YPO YPl). To the coordinate (XFO and YFO) of the sample base 5 at the 
time of the alignment of the master reticle Ri then, by driving X Y stage 6 of drawing 2 
by the spacing (XPO XPl and YPO- YPl) The core (core of a substrate 4) of the alignment 
marks 24A and 24B of a substrate 4 can be made to agree in high degree of accuracy at 
the core (exposure core) of the projection image of the alignment marks 21A and 21B of 
the master reticle Ri, as shown in drawing 4 . The cutback image Pli of the parent 
pattern Pi of the master reticle Ri can be exposed in a desired location to the core on a 
substrate 4 by driving X Y stage 6 of drawing 2 , and moving in the direction of X, and 
the direction of Y from this condition, in the sample base 5. 

[0050] That is, drawing 4 shows the condition of carrying out the cutback imprint of the 
parent pattern Pi of the i th master reticle Ri on a substrate 4 through a projection 
optical system 3, and the pattern space 25 of the rectangle surrounded in the side 
parallel to the X axis and a Y axis centering on the core of the alignment marks 24A and 
24B of the front face of a substrate 4 is virtually set up within the main control system 9 
in this drawing 4 . the magnitude of a pattern space 25 is the magnitude which reduced 
the parent pattern 36 of drawing 1 1 / alpha twice, a pattern space 25 is uniformly 
divided into alpha individual in the direction of X, and the direction of Y, respectively, 
and the shot fields Si, S2, S3, SN (N=alpha2) are set up virtually. The location of the 
shot field Si 0= 1 - N) is set as the location of the cutback image Pli of the i th parent 
pattern Pi at the time of carrying out cutback projection of the parent pattern 36 of 
drawing 1 through the projection optical system 3 of drawing 4 temporarily. 
[0051] And when the image formation property of the projection image of the projection 
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aligner which uses the working reticle 34 of this example is ideal, the main control 
system 9 is doubled in drawing 4 by driving X-Y stage 6 of drawing 2 focusing on 
exposure of the cutback image Pli of the parent pattern Pi of the master reticle Ri 
currently asked for the core of the i-th shot field Si on a substrate 4 by the 
above-mentioned alignment. Then, the main control system 9 makes luminescence of 
the exposure light source in the iUumination-Ught study system 1 of drawing 2 start, 
and exposes the cutback image of the parent pattern Pi to the shot field Si on a 
substrate 4. In drawing 4 , the cutback image of the parent pattern already exposed 
within the pattern space 25 of a substrate 4 is shown by the continuous line, and the 
unexposed cutback image is shown by the dotted line. 

[0052] Thus, it means that the cutback image of each parent patterns Pl PN was 
exposed by exposing the cutback image of the parent patterns Pl PN of the master 
reticles Rl RN of N individual of drawing 2 to the shot fields Sl SN to which it 
corresponds on a substrate 4 one by one, performing the cutback image and screen 
splice of a parent pattern which adjoin, respectively, the projection image 26 which 
reduced the parent pattern 36 of drawing 1 by 1 / alpha twice on the substrate 4 is 
exposed by this. Then, by developing the photoresist on a substrate 4 and performing 
etching, exfoliation of a resist pattern which remains, the projection image 26 on a 
substrate 4 serves as the original edition pattern 27 as shown in drawing 7 , and the 
working reticle 34 completes it. 

[0053] By the way, on the occasion of exposure of one substrate 4, it is not concerned 
with exchange of the master reticle Ri, but the substrate 4 is ****(ed) on the sample 
base 5, and the location is measured by accuracy with the laser interferometer 8. 
Therefore, since the physical relationship of reference marks 13A and 13B and a 
substrate 4 does not change during exposure of one substrate 4, it is not necessary to 
necessarily detect the location of the alignment marks 24A and 24B on a substrate 4 for 
every master reticle Ri of one sheet that what is necessary is just to carry out alignment 
of the master reticle Ri to reference marks 13A and 13B at the time of exchange of the 
master reticle Ri. Also in this case, the parent pattern Pi on each master reticle Ri 
maintains exact physical relationship mutually, and is exposed by the alignment of each 
and reference marks 13A and 13B, and the position control of X Y stage 6 by the stage 
control system 10 by which the monitor was carried out with the laser interferometer 8. 
Therefore, it cannot be overemphasized that it becomes highly precise [ the splice 
precision between each of that pattern ]. 

[0054] In addition, it is not necessary to necessarily form the alignment marks 24A and 
24B beforehand on a substrate 4. in this case, in case the parent pattern of the master 



[JP,11-194479,A] 
Page 17 of 22 



reticle Ri is connected on a substrate 4 as mentioned above and a cutback imprint is 
carried out The cutback imprint also of the predetermined mark on each master reticle 
Ri (for example, alignment marks 21A and 21B) is carried out. In case the cutback 
image of the parent pattern of adjoining master reticle is imprinted, the location of the 
latent image of that mark is detected, and it may be made to amend the imprint location 
of the cutback image of the parent pattern of that adjoining master reticle from this 
detection result. 

[0055] Moreover, when for example, the high density pattern and the isolated pattern 
are formed in the original edition pattern 27 of drawing 1 , only a high density pattern 
may be formed in the master reticle Ra of one sheet in the master reticle Rl - RN, and 
only an isolated pattern may be formed in another master reticle Rb of one sheet. Since 
exposure conditions, such as best lighting conditions, image formation conditions, etc., 
differ by the high density pattern and the isolated pattern at this time, you may make it 
optimize exposure conditions, i.e., the configuration of the aperture diaphragm in the 
illumination-hght study system 1 and magnitude, a coherence factor (sigma value), the 
numerical aperture of a projection optical system 3, etc. according to that parent pattern 
Pi for every exposure of the master reticle Ri. Moreover, in order to optimize the 
exposure condition, it may insert [ light filter / (the so-called pupil filter) / 
predetermined ] near the pupil surface of a projection optical system 3, or the so-called 
progressive focal method (FREX law) which vibrates relatively the image surface of a 
projection optical system 3 and the front face of a substrate 4 by predetermined within 
the limits may be used together. 

[0056] For example, when a parent mask pattern is a high density pattern (periodic 
pattern), deformation illumination is adopted, and a light source configuration is 
specified to two or more partial fields to which only the equal distance separated from 
the optical axis of the shape of zona orbicularis, and an illumination-light study system 
mostly. Moreover, when a parent mask pattern contains only isolated patterns, such as 
a contact hole, while exposing the mask substrate by the pattern, it is good to adopt the 
so-called progressive focal method which moves the mask substrate in the direction in 
alignment with the optical axis of exposure optical system. 

[0057] Moreover, the sigma value of an illumination-light study system may be set 
about to 0.1 to 0.4 by using a part of master reticle Ri for example, as a phase shift mask, 
and the above-mentioned progressive focal method may be adopted. Moreover, a photo 
mask may not be restricted to the mask which consists only of protection from light 
layers, such as chromium, and may be phase shift masks, such as a spatial-frequency 
modulation mold (Shibuya-Levenson mold), an edge enhancement mold, and a halftone 
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mold. Especially, in the spatial-frequency modulation mold or the edge enhancement 
mold, in order to lay on top of the protection-from-hght pattern on a mask substrate and 
to carry out patterning of the phase shifter, the parent mask for the location shifters 
will be prepared separately. 

[0058] Next, the case where the image formation property of the projection image of the 
projection aligner which uses the working reticle 34 has separated from the ideal 
condition is explained. Supposing the projection ahgner shown in drawing 6 which uses 
the working reticle 34 is an one -shot exposure mold, also when the nonrotation 
symmetry aberration of a certain extent or distortion remains, in the image formation 
property of the projection optical system 42, it is possible. In such a case, while 
amending the scale factor of a projection optical system 3 so that it not only shifts an 
exposure location, but a corresponding scale -factor error may be offset in case the image 
of the master reticle Ri is exposed to the shot field Si on drawing 4 using the projection 
aligner of drawing 4 , the distortion property of a projection optical system 3 is also 
amended so that a partial corresponding distortion may be offset as much as possible. 
The distortion of the projection aligner which uses the working reticle 34 is offset by this, 
and superposition precision improves by it. 

[0059] Next, supposing the projection aligner of dra wing 7 is a scan exposure mold like 
step - and - scanning method, in the image formation property of the projection image, 
the so-called skew error from which an ideal image turns into a parallelogram-like 
projection image may remain. In this case, the projection aligner which manufactures 
the working reticle 34 should just also give distortion which offsets that skew error as 
step ■ and a - scanning method. 

[0060] Next, it explains per example of actuation in the case of exposing using the 
working reticle 34 of drawing 1 manufactured as mentioned above. Drawing 6 shows the 
important section of the cutback projection mold aligner equipped with that working 
reticle 34, and Wafer W is arranged in this drawing 6 on the underside of the working 
reticle 34 held on the reticle stage 49 through tJie projection optical system 42 of cutback 
scale factor 1 / beta (beta is 5 or 4 grades). A photoresist is applied to the fi*ont face of 
Wafer W, and the front face is held so that it may agree in the image sxurface of a 
projection optical system 42. Wafer W is held on the sample base 43 through a 
non-illustrated wafer holder, and the sample base 43 is being fixed on X-Y stage 44. 
Based on the coordinate measured by migration mirror 45mX, 45mY, and the 
corresponding laser interferometer on the sample base 43, positioning of Wafer W is 
performed by driving X Y stage 44. 

[0061] Moreover, the reference mark member 46 by which reference marks 47A and 47B 
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were formed on the sample base 43 is fixed, and the ahgnment sensors 41A and 41B for 
the alignment of reticle are arranged above the alignment marks 24A and 24B formed 
so that the pattern space 25 of the working reticle 34 might be inserted in the direction 
of X. Also in this case, alignment of the working reticle 34 is performed to the sample 
base 43 using reference marks 47A and 47B, the alignment marks 24A and 24B, and the 
alignment sensors 41A and 41B. Then, when performing superposition exposure, 
alignment of each shot field 48 on Wafer W is performed using the alignment sensor for 
non-illustrated wafers. And after positioning the shot field 48 for [ on Wafer W ] 
exposure in a sequential exposure location, image 27W which reduced the original 
edition pattern 27 in a pattern space 25 for 1/of cutback scale factors beta are exposed 
by the shot field 48 to the pattern space 25 of the working reticle 34 by irradiating the 
exposure light IL 1, such as excimer laser light, from a non-illustrated 
illumination-Ught study system. Thus, after exposing the cutback image of the original 
edition pattern 27 to each shot field on Wafer W, the circuit pattern of a certain layer of 
a semiconductor device is formed in each shot field on Wafer W by performing 
development of Wafer W and performing processes, such as etching. 

[0062] In addition, as a projection aligner for exposure of the working reticle 34, the 
cutback projection mold aligner of a scan exposure mold like step - and ■ scanning 
method may be used. Next, other examples of the gestalt of operation of this invention 
are explained. With the gestalt of the above-mentioned operation, when a cutback image 
was projected on a substrate 4 with a projection ahgner, this invention was applied, but 
in this example, in case the original edition pattern of a photo mask is drawn using an 
electron beam exposure system or laser beam drawing equipment, this invention is 
applied. In drawing 1 , when drawing the actual size image of the parent pattern Pi on 
the substrate of the master reticle Ri, it is used, but this is used, also when carrying out 
direct writing of the original edition pattern of a photo mask like before. 
[0063] Drawing 9 shows the drawing equipment of this example, and sets it to this 
drawing 9 . For example, the substrate 55 (or the substrate of working reticle is also 
good) of the master reticle Ri as a parent mask of drawing 1 A top face is laid in the top 
face of the convex substrate holder 51, and the substrate holder 51 is fixed on the 
sample base 56. The lock-pins 52A and 52B which energize caudad about two sides 
which a substrate 55 counters are formed on the sample base 56, and the substrate 55 is 
held so that a pattern formation side on top may serve as a convex in the upper part. 
The sample base 56 is movable in the two-dimensional direction on the base 58 by X Y 
stage 57. The location of the sample base 56 is measured by 59m of migration mirrors, 
and the laser interferometer 59, and this measurement value is supplied to the control 
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system 60 and the stage drive system 61. The stage drive system 61 drives X Y stage 57 
based on the measurement value and the positional information from a control system 
60, and positions a substrate 55. 

[0064] Which drawing system 62 of the drawing system which controls an exposure and 
cutoff of the drawing system which controls an exposure and cutoff of a laser beam LB, 
and draws a pattern, or electron beam EB, and draws a pattern is arranged above the 
substrate 55. A mask ingredient is formed on a substrate 55 and the photoresist or the 
electron beam resist is applied according to the laser beam LB or electron beam EB on 
this. And when a substrate 55 reaches a position to the drawing system 62, a control 
system 60 draws the pattern set up in the drawing field through the drawing system 62. 
[0065] In this case, the deformation of the pattern side of a substrate 55 is set up 
similarly to the deformation to the lower part by the self-weight of the pattern side of 
that master reticle Ri at the time of loading the master reticle Ri which comes to form a 
pattern in that substrate 55 to the projection aligner of drawing 2 . When a cutback 
image is projected by this using the master reticle Ri, the position error of the cutback 
image etc. does not arise. 

[0066] In addition, the maintenance device of the substrate of a photo mask may make 
the above-mentioned convex configuration and the almost same configuration by not 
being restricted to the gestalt of the gestalt of the above-mentioned operation, preparing 
a projection group in the contact surface with the substrate 4 of the substrate holder 51 
in drawing 5 (B), and adjusting distribution of the die length of those projection groups. 
Moreover, with the gestalt of the above-mentioned implementation, although it shall 
press down near both the shorter sides of the substrate 4 of a photo mask more 
compidsorily than the upper part instead, ends may be made to be caudad lowered 
using self-weight deformation of a substrate 4, and ends may be caudad drawn near by 
vacuum adsorption. 

[0067] In addition, of course, configurations various in the range which this invention is 
not limited to the gestalt of above-mentioned operation, and does not deviate from the 
summary of this invention can be taken. 
[0068] 

[Effect of the Invention] Even if it is the case where self-weight deformation etc. arises 
in case the photo mask is used since the deformation produced at the time of the 
exposure to the substrate of a photo mask or drawing is doubled with the deformation 
condition at the time of using the photo mask according to the manufacture approach of 
the photo mask of this invention, there is an advantage which can maintain the location 
precision of the projection image of the photo mask good. 
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[0069] In the eqmpment which draws a photo mask by imprint exposure from a parent 
mask especially, although it had become an amending lowering of pattern location 
precision by self-weight deformation technical problem, lowering of pattern location 
precision is thoroughly cancelable with this invention. Moreover, the pattern to which 
the pattern for an imprint was expanded is divided into the pattern of two or more 
parent masks. On the substrate of the photo mask, in carrying out a sequential imprint, 
performing a screen splice, the cutback image of the pattern of two or more parent 
masks Since the patterns of two or more parent masks are some patterns to which the 
pattern for an imprint was expanded, for example, respectively, using an electron beam 
exposure system, laser beam drawing equipment, etc., it is little [ respectively ] drawing 
data, and they can be drawn in the small amount of drifts in a short time. Moreover, 
since the drawing error of a parent mask becomes small by the cutback scale -factor 
ratio of the pattern of the parent mask, it can form the pattern for an imprint (original 
edition pattern) in high degree of accuracy. Furthermore, since it can be repeatedly used 
once it manufactures, those parent masks have the advantage which can form each 
original edition pattern in a short time with high precision, also when manufacturing 
several many sheets of the photo mask. 

[0070] Moreover, according to the manufacturing installation of the photo mask of this 
invention, the manufacture approach of the photo mask of this invention can be 
enforced. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] It is drawing with which explanation of the production process of the 
working reticle (photo mask) of an example of the gestalt of operation of this invention 
is presented. 

[Drawing 2] It is the block diagram showing the optical cutback projection mold aligner 
used in case the working reticle is manufactured with an example of the gestalt of the 
operation. 

[Drawing 3] In the projection aligner of drawing 2 , it is the perspective view of the 
important section which cut and lacked the part which shows the case where alignment 
of master reticle is performed. 

[Drawing 4] In the projection aligner of drawing 2 , it is the perspective view of an 
important section showing the case where the cutback image of the parent pattern of 
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master reticle is projected on a substrate 4. 

[Drawing 5l The amplification top view in which (A) shows the maintenance condition of 
the substrate 4 of drawing 2 , and (B) are the enlarged drawings showing the 
maintenance condition of the substrate 4 of drawing 2 . 

[Drawing 6l It is the perspective view showing the important section of the projection 
aligner which projects on a wafer the pattern of the working reticle manufactured with 
the gestalt of the operation. 

[Drawing 7l It is the enlarged drawing showing the deformation condition of the 
working reticle laid in the projection aligner of drawing 6 . 

[Drawing 8l It is drawing with which explanation of a location gap of the pattern by 
deformation of the working reticle is presented. 

[Drawing 9l It is the block diagram showing the drawing equipment used in other 

examples of the gestalt of operation of this invention. 

[Description of Notations] 

Rl RN Master reticle (parent mask) 

Pl PN Divided parent pattern 

3 Projection Optical System 

4 Substrate for Working Reticles 
Sl-SN Shot field on a substrate 4 

5 Sample Base 

6 X-Y Stage 

9 Main Control System 

13 A, 13B Reference mark 

14 A, 14B Alignment sensor for reticles 

16 Reticle Library 

18 Slide Equipment 

19 Reticle Loader 

21A, 21B Alignment mark of master reticle 
24A, 24B Alignment mark of a substrate 
27 Original Edition Pattern 

35 Circuit Pattern 

36 Parent Pattern 
51 Substrate Holder 
52A, 52B Lock-pin 
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> ^^l^*Ecco^-7X ^ coy > 

5 ] m^mxom^m \z^ ^n^^itv 

V'^'7.^u^^\z^m^ntzM^msL^\z^'^ 

(r>n^- y^^mhm^^9-'>mwL% \zn t xem t 
fs,^^o\z^wt^^i^^w^tr^^mMmhwmmy 

CO 0 0 1] 

Ts^'jy^yy^ ^m^m^^^xmrn-r^^izm^/^^- 
ytLxmm^n^y^ h'^A^<Dmm:^mmmm\z 

CO 0 0 21 

m^z. ^^r^^m^/'i^->^m^it^--si^mm\z 
Lx. :z(Dy^h'^y.^(D/'^i^->^mn^^^^m^ 



^bT'^x/v :^\t:^^7s-:ru~-hm(D^mytM1[K±lz 
33S/J^^J^f ^ fe^;^^7!»>*^ V > 6 tix t i ^ o z.<D^oUy 
^ h'^y.^(Dn^-yo:>m^(Dmzmm'^n^<Dtim^ 

CO 0 0 3] ^(n^ouyvi- h-7x^ta. 
mm±\zmFf'\f:-i^tmmm.. y.\tu-^\i-j^mmm 
m^m^ ^xwM/^^ - > ^mm^^ ci ^ tc j: 0 tMj^ $ 

<DWMn^->t^m^^nx^^tz.. ^zo^m-^. ^coy^ 
^<Dyy!rh'^y.^\zmm^n^mm 

±.x\tmt\/^^\zmf\^^n^. m^x. mnmzm 
mmm\zj:^mmtt(Dm^ix&i^<Dmmtix'7'/^^y. 
co/'K^'-y^m^x^^ziii^zu^. 
CO 00 4] ^fz. 'e<D^z>ummmmiz:^\^^x},t. y 
^ h^y^mo^mmJi^zj^w^^-y^mm-r^miz. 
^(omm^u^vx^m^it^ys^—z^mm^. ytm^ 

m^zmm^n^o 

CO 0 0 5] 

\tU'-^}:i-j^mm^m\zj^'Dxmm^nx^r). mm 
m^zy^ h-^y.^ m<Dm^<D/^^~>m\^±\^^izm^ 

f)^. ^jL/\mcDm.m^^-\(Dmyt^n^m^mmxm 

y'-'z^mmii. ^B^m^i<r>mm±(Dmm^^. y^ 

mm^n^o ^rz. y^h-^ys^(D^*L-^a^^^-r^ 

mm^^^^^mxrrt:fn^. :z<Dfz^. m^mmxm 

\z^hf^^^^\z^mmM\.tz.^mx^m^n^<Dfi^— 
m^x^^. 

CO 00 6] z.<D^o\z^mm^i.rzyv^h'^y^\zii 
^^x\'X. 'm^\zW'oxem\z^mi.rz/^^->mf)^w 
zs. wMn^-><D^mtimf)^uifii^isiL±-^n^^mz 
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m^'r^/'^^~->(ommm^mmmti^-'m\^±r^\z-t 
nx. ^(D^mmm:^m^mmizi\5im^u<u^^.tif3^ 

[0 0 0 7] ^fz. y:th'^X^<DmW^l^~'>^^m 

m^mm^m v ^xm^(D/^^-> ^&^-r^ t tc j: o 

xm^t^^^ih^X^tixi^^^^. :i<Dm^^zt>^m 

m^^m^z:^^>x'^<Dy^ h^7s^(omm<D/t^->m 
^±\^^\z^mizumt^^. m^<ommmiz^^a:> 

y^h^::^^^mmT^m\z^mMmm'f}^±\:'^m 

B:mzmmx^^y:t h-^x^cDMig^fe^^^^-r-s^ 

[0 0 0 8] mtz. :^mm\tt(D^z>uy^h~^y^^<D 

[0 0 0 9] 

^<Dmm:^m\t. mj^mx<Dm^mizmm^ti^y^ 
h-Tx^7 (3 4) cDmm:^m\z^^^x. -^(Dmytmmiz 

i^n^^wm(D^<Dy^h~^xC7o:>mm (4) <D^m^ 

m^^mv. ^(DMW, (4) ±izm^m(D/^i^->^m 

•^n^mmkmiz^t^i±x:^< h<Dx$i^. 

[0 0 10] m^^^^^m^zjiti^^. y:th-7y.^^m 
m-^m(Dy:th'^y.^m(omm±^<omms^. 
mmiziin^^<Dm^<o^mmit. ^to^y^h^y.^^ 
mm x^xm^^no L^(o^o)m^(D^mmmm<r>Mm 
mt.'t^i.xh^^tzib. "to^yitv-^ys^commmz^ 
<ow&Lf)mmvx^. ^mm(o^wmm(D^-rtm\.^. 

[0 0 11] ^(nm^. 't<Dm^ (4) ^^<Dm^m<D 

^^*MSLUo y:th^:K^^M'B<Dm^mx^m'r^ 
:i^tcts, 't<Dy^h'TXi^(omm^T}pi^xi^m^m 
t^tz^. 't(Dn^-ymts^^^t.fs,^x'D\z-^m^n 
u-dx. ^(oyytv^y^^mm\>rzm'^(D^m 

[0 0 12] ^fz. 't(om^m(Dn^~-> (2 7) i::^ 
m^^n^~->f)^m^^nrzm'^:^^^m^i.. ^<ny 
^hvx^^S^ (4) ±.\z^<nm^ys^<Dn^-'y<D 

mitt^m^x^. ^omm (4) (D^m^m^mmm 
^z^tDi±xi^<:itx% mmm<D^mmm^m±t^. 



[0 0 13] ^fz. ^(Dm^mo^/^^-y (2 7) 

±htz/^^-y (3 6) ^mmco^m^y.^ (ri-r 
N) <Dn^—y\z^m\^. ^o:>y^h'^y^<DmWL 
(4) ±.\zmw^<D^(Dmr^ys^(Dn^->(Dmn^m^ 

<om^. —m^i^x. ^<Dy:i'h^y.^(omm (4) ± 
iz-^ys^^ncDmm^m^^n. :z<D±izy:^hui^x 

\zm^it^^^xm4^^^m(omytmm^m\^^x. t.j- 

m.-^'^ntz^. ^(Dmm^^ommmt^n^. ^nt^ 
e»> ^^nfzmmm<T:>n^--y^^7.^ t.\^xT,-j^ 

[0 0 14] ^c^mz. ^09:7^ hv;;^^^jaffl(O^A 

> (2 7) , m^um.n^->\^am\zm:i^n. z.<d 
^:k^tirzmni^-> (3 6) fjwm^zm^i^axa^ 

^ (a=5) T^tlf^, 5XSmX2S^(Dm'^ys^^^ 

mM^n^o zi(D^M. ^m-^y.^izm^^n^/'^^— 
mw^s^->^a^izm±i.rzm/^^'->(D-'U 

^ayixa'umzm'pi.. mn^mm\:m^<Da^^u 

ffiUT0^rBi(c. K u y hxnnm^zmmx^ 
^_hTts 1 / a \zwp^^fz^. mw^9-><omm.\t. 

• u tr- h'jj^mx'^oy ^ h^ys^(DmwL±\znm\z 
^^x^^Tzisb. mz^cDy^h-^y^^m^^m^-r 
^m'^(Dmjmm^. ^^cD^o^zm^^zmm^rnxm 
m't^:fj^iz]t-<x:kmizm.mx^^. 
[0015] ^fz. ^(DM^ (4) (D^m\zmm^<Dm 
(Ri-RN) (D/^^-xowi^m^m'^m^-t 
^mz. ^<Dy:t h'^y^^mmT^^mytmm(Dm 
(4 2) mm^M^^mii^^yh'-zy3> 

^i^^(DpU< t^—^izmCX^CDm-^XC^ (Rl- 

RN) (D/'^^~><Dm4^m<Dmm^^ m^^inm. ^ 

[0 0 16] :i(0^o\,z. tcDyTth-^y^^mmT^ 

m^mm(Dm^o)^m!^^(D^mm^^'^^m^-DX\,^^ 
m-^izit. '=t<Dyzi'h'^y^(omm±^zm^m€^n^^ 
m^^^m'^y^(D/^i^->m^m^'t^miz. ^(om 
m^i^(D^mm^m^-r^j:^iz^m'^y^<D/'^^-> 
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mm^n^^hfim^v^K '^<Dy:th'^y.^\t. 

7fe^n^^AHXA3'->±TlX (a • /3) ^\zm^\^ 
^n^o t^eoT, T^A'-f x/t^'— >cDg/^^ll©^^i^tc^ 
^cOi/2tc-r^J:-5;^:^^tc=fo. 

ti^oT. n^-y)\^-)\^ffmzMW^\.x^. 

[0 0 19] ^tc, >^mm\zx^y:t h'^y.^<Dmj^^ 
m\t. mymmx<D^^m^zmm^n^y^h'^x^ 

(3 4) (Dm^^m^Z:Bl^^X. ^(Oy^h^X^COmW. 
(4) ^^^CD4^^tC^?^$ii-T^-r'5>^:^ 
^^gP>^ ( 5 1. 5 2 A, 5 2B) ;icD:7:t hVX 

^unw^^zum^ntzimi (4) ±tc^^^co/t5^- 

>^&fiim 3i(S^^T^/1^->?^^£^ (1, 2, 3 ; 
6 2) (h. ^W-r^=t><7)T'^^o MFr;i^^:7:t h*7:^^c^) 

[0 0 2 0] ^(Dm-^. t(Dy^h^7.^^mw^\t.. 
^(Dmm (4) (on^~>m^mt(^'^o:^/^3^->m^^ 
\zn\.xemt.t^^^o\z^n^^^tm^\.^^. z.ti 
xy^h'^xc^(DW^(D^m^m\zM^.x^:b. ^rz. 
^(Dy^h'^y.^u^^m^-^ihi.x. ^(omm 

(4) (Dmm^n^m^^Fimm^(D~^o>hm>i (5 
1) ^1. :i<D-^oyhmi±(o^<D^m (4) <3D^[^nr 
^2m(Dmm^:i(D-r'y>hmmiziim^^fim^M 

(5 2 A. 5 2B) (h, ^WT^fec^-Cr^^o CtlizJ: 
[0 0 2 1] 



7.^m^'t^m^zmm^n^y-^>^u^^)\^3 4x 

feSo Cl<0'7"^>^l/^^7;U3 4tS. ^^15^7.mt^ 
e?^C^7t^i§14(OS^C5-®(C, ^OA (Cr) , 
^b^U:/7'> (MoS i2^) , ^ttS-^cOtecOx'Xi^*^ 
^<i:0fe^ffl<DMIlg/^^->2 7 ^m^\^fz^(OX^ 

^^c. ^0DM^/t^->2 7^^5^ti'J:-9lC2^CDT 
^-r>> 2 4A, 2 ABtm^^tiX^^^, 

[0 0 2 2] y-=^->^l/5"^;i.3 4tl. 

(o^m^mmcD^^^^^^vx. i/^^ (^t^ 

-So ip-^. gudisi^T. y"-^>^u^^;i/3 40JM 

^-/1^->2 7CDl/j8fg<?)^/h>iE2 7W<&. y^hU 
i^X h75^^^$n;'t':7X/\WJiCD^>^3 hMi^4 8 \Z 

m-^vtd^. mm^x,v^>'^m^n^^h\z^'DX. 
^<D^->3 y hmi^4s\zm^<Dm^/^^ — >3 

t^mmiwum. ikz^'y'^ y.h~iy 3 >!^i^m(D^m^ 

cfu^^jvs 4(Dmm:mizmm^n^. 3Etc. :^mxi^ 
'^<D^mymmizy~^>^u^^)V3 A^mmT^ 
m(D. '^<oy~^>^u^^)i3 4<D^miz^^mmm 
(D^mmti^^^^tixiio. w^<o^3^z^(Dy—^> 
^u^^)\^3 4(Dmmm\z. ^<Dy~'^>^u^^)\,3 
4 m <Dmmt^(D'f^mm mm^z^m l xmm-^ n 

^)i3 4a:>mm:^m<D-miz-D^mm'r^. 
[0 0 2 3] 1^1 tcfev^T> ^-rm^^mizmm^ti^^ 

n^o tHlgS/t:5?— >3 5fifi3^-r^iacOiti;^^*dX, d Y 

<Dmm<Dmi^^izm^<D^^ > ' t>y - y.^—y./^^s^ 
—>m^mmvrz^(Dx^^o ^mx\t. t(D^^/^^ 

~-i^<Dm^'7'~i^±xi^^T^. i3f^«. y-^>^u 
3 4f)mm^n^^m^mm<Dm^iBm ( 1 x 

i.xm±i.xi^^^. 

[0 0 2 4] mz. 't<DmW^l^->2 7^ai^ (atl 
lcfcO^#ti^|gC, Xti¥^^^T^O> -^JiiLT 
4, 5, Xti6^) bT> ie3^-r^?acD'li7)^*a -3-d 
X, a • 3 - dY0D^J^c;0MJ^J:0^i:^iil/^:$'->3 6 
€rlii^5'-^i:Tf^ft^L, ^(Dm/^i^~> 3 6 ^mWz 
^n^tlam^Z^mVX. aXam<^M/^^~>P 1. 
P2, P3, PN (N=a^) ^p^T^-5'±'ef^ 
fi£T^o JULT't^> ot^ScDm-^fJ^^^nx^^^. U 

^c7)^^^->3 6<05>fima(l. ^Z^ri^h^M/^ 
^~->2 7f)^^m/^^~>3 G-^Oi^malZ^Wc^it^ 



(5) 
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i^^^tS^l^^o -eO^> ^E-ne><D^A^->P i (i = l 

[0 0 2 5] mt^itficea)-7x^-u^i7;i.R 1 

b T0r^(O^SIi^T 2-30 2 ^7 ci; 0 7^ ^ r ^ 

-r^>h"^-i7 2 1 A, 2 1 B^fl^J^LT:fe<o l^^tC 
fl^O-^Xi^'-l/^^^^UR i EC^>, m^t'-AJS®^®^ 

-^2 1 A, ^x-Bim^^n^. CcDT^-r^Vh-^ 

-^7 2 1 A, 2 1 mzmmk'^^fr'^n(T>^m.^ 
f^'^m\z^m'^ti^. 

[0 0 2 6] Z.(D^'o\zi^mx\t. il^fc:— A*g®^® 
(Xtil/-lft:-Aiil®^m) -C*gH-r^^^^'^3^"> 

p i^fS/t^->2 i^am\zmx\^f^n^-'>x 

MtC, m/'^^-yP i CD^/MliHti. iM^/1:$^->2 7 

Uv^X h^ffiliTli-?t'-AfS®SWCct-DTmP^1 
-U^^;i/R l-RN^r^ii-rnt^. ^(i^CD^3(C 
y-^^V^U^^^I/S 4^^j^T^^fc5?). 1/ 

[0 0 2 7] IP-^, -^tl^N^CDTX^'— U^^;PR i 
(Dj^/^i$^->P i (Dl/a^cr)^/h#P I i (1 = 1- 

N) ^n^*n®M^^*^£rfTt^^?5:3&^e>^^-r^c<ttc 

"i^i^-Ammmmmxcommmm^^^im^izj^-DX 
^m^^rz^\z. mKDW'^i^-ys G^^wihtzW^ 

o\z'Ux^^\^\ 

[0 0 2 8] lL2ti, ^<DU—^>^U^^)l3 4^m 

^r^mizmm^n^yt^^<Dmn--^mm^m^^ 



2 ±(Du^!7 Mzmm-^ti^o :^m<Du^^ju 

>f.y^-i^2±\Z\t. i#e (i = l'-N) <^VX^-U 
^^JIR itimm^tlX\^^^. 75:43, ^^^t^LTtd:, 
;rK^^>>^CD i m i^mse 5 nm) ^(DjS^^. XtiK 
r F (2S:^2 4 8 nm) . A r F 19 3 nm) , 

^{^KUFi 5 7nm) ^CDX4^~>T U— 

^^mmx^^o 

[0 0 2 9] -^X^—U^^Ji^R i <7)Bg^^^(^oy^3^ 
->CD^H> ^3t^^3^:/M.X^/hfg^lXa (a 
t^m(^5. X(54^) •7-^>^U'^^7;U3 4ffi 

0DS^4cD^®(c^$n^„ ^^4td:. ^^:^^:^(D 

j:oUj^j^i±o:>mmx$>o. ^(Dm^(D/^i^->mm 
2 5 ([gi4#Bg) {ci7aA> xi^x^'iit'e^jy^ymo) 
'^x^^n<omm^m^^ri. z:(D/^^->m^2s^ 

T^-f ^>hV— ^7 2 4A, 2 4B:f)m^^tlXl^^o 

^fz. mm4<D^m\z'^:^^tim^mo^3\zy^hu 
>^:^htm^^nx\^^^. i^T> ^7t^^3(D^$4A 
x(cWTtczifi$r^o. zmizmmu^mp^ixm 2 

[0 0 3 0] S-Tv U5^^7;i/X^— f/2«. C1C7)±09V 

^ ^— 2 (o^mix^m^<D u—^'=F^m iz^-dx 

tCcfc^xi/5^^;px5"->?2cDi&f^^^0ji^$n^o — 

&m4\t. i^m7r:<Dmm^j\^y±\zM^^miz^':> 
xum^n. :i<Dmmt-^jiyit.mn^5±izm^^n. 
^^-^5{ixYX5"->^6±tc©^$nTii'5o um-^ 
5\t. :^-hy^-'ii7.:^^xm^4(oy:t~-^:^^m 
(ymAx:^\^(D^m) . Rz^mMM^mm^^^tiz 
cfcoT, m^4<D^m^^^^m3<omm\z^t^i±^^ 

T^-^:>&^-ex;^f^r], Y:^^izun-^s (g^4) ^ 

[0 0 3 1] un-^s(D±mzm^^rirz^mm8m. 
Rzs^i^vxmm-^nrzu-^^'p^msizj^'Dxun-^ 

m^^y.^—ymm^io. Rz^^mmms^zm^^nx 

8mX. RUYm<D^WjmSniY^m¥'r^h<DX^ 
9 7&^^CD$fj^if^tZg-r^V^T, XYX5^— >^6 0DU^T 
[0 0 3 2] ^fz. :^mx^t. V=5-^)V7.'r-V2(T^m 

:&izm^<DV'^^)U^^y^u 1 67!»^*ES^n> 
;i/^-f y^u 1 6F*9^c2:;^^^^ltcJ^i^^J$nfcN^^c7)^ 



(6) 
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mm^tixi^^^. cinecox'x^— u^^;uR 1— RN 

Ml 8^/hLTU^^;l/^-f 1 6CDZ:&rSj<D^M 

U^^Jl^-iZf^^J 1 6 fftOH^rMoD^JttS 1 7 tU^^ 
RN^^tt^b-X?#^ck-5lC^^K$nTli^o 

C 0 0 3 3 ] ^SdP^ 9 tCti, l^m^w- 7. 

^©iBtt^g 1 1 fmrn^n. lett^M 1 1 \zn^^- 

(i, ^X^-U^^^Jl/R l-RNCDffiScD^SIi^^r 

[0 0 3 4] z,z.x. un^b±om^A.<D^^':^m\z 
-o^m 5 ^mm\^xmm\zmmr^. aj. (b) ti, m 

i£i^cDMJi£E 1 , E 2 ^mm^)\^^^m\zf^m-f^^o 

\Z. ^:^^5±tCg^t:>5 2 A, 5 2 B;ef^^tt^nT 

[0 0 3 5] gp-^, ai. (B) (DW-mmx^^m^ 
(A) tc^-rci:-9tc. :^:;^?^®^^-e^^^^4(7DX^ 

(nm^ 5 3 -eti. 4 (i^cD/i^'— >®*^;lt®®75^ ^ 

[0 0 3 6] ^«ftlTS^4±t-Jj^fiS/13^->^?^fiebT 

i5[ji$n^'7-^>^^u5^^7;i/3 4«, ^ 6 (D^myt 
mm<Du^^)U7.^~:^4 9±\zmm^n. r?— 

^m^m^^ojL/\w±\z^^n^. z.(Dmiz. -7"^ 

^)i':^y^-i^4 9±izm^miizj^'Dx^m'^nx\.^ 
^-ox. m7\z^'r<ko\z. ^-^>^u^^)V3 



4(D^m4(Dmmy^^->2 7-^im^^nx\^^^/'^i^- 

[0 0 3 7] EP-^. Ul^ (A) (C^filO, 7-^>^ 

U^^)]/3 4 (m^4) ^z^m(om^^mx^*L-^r)^ 

iCD^Mt'. nr^<0/^^ — >b 4Atj^^^%(D 

t-r^o ^(Dh^. ms_ (B) tc^Tcfc^t', '7-^> 

4 (Z)y^^->®Tti^:^7:?&m>TM^/^^-> 2 7 f^CD 

4<Dm^-:^\^(D^^Lm4 c±x$>^. 
[0 0 3 8] ^'::>X. -t|S<Def^(0/^^ — > 5 4 A<Di^L 
milt. 4'^6j5^e^n^^f^t;iAx;^nj-^?^bT^©5 4 
BtC^idb, 4''i:>^^^CDS^(ix2(CJti:;^i^^TLS-5o 
-^cO^{iSAx(l. ^0^^-^C»»7— +>^U5^^7;U3 

4 ^^ffi f ^ m'^<^m^m(o^mmm 1 7^ o t b ^ o 

L:ft^b7:f75^*^> :^^{C:fet.iTti> M5.t;i^TJ: ^ tc> ^ 

a)»7— ^>^^u^^;^3 4fficDS^4tc^-r^)^7mic 

[0 0 3 9] -^LT. a2.tcMo. :^m(Dmm4izM~r 
^mm^^zit. m^4±<Dimm<Di^3^yhmi^^cDi 

XYX^->^60r>Xy^^>7^i!lfCj:-:?T^^4±CD 

cn^iMfrbT. i^2±co■^X^— 
U^^;^R l;5^*U5^^;UD-3^1 9^^LTU-^^;i/^ 

-r >^^u 1 eizm^n. '^<d^^mm<d'^7.^'-u'^^ 
9^i)^hxu^^)\^xv^-i^2±\zmm-^ri^o 

R 2 cr)i^/h^7i^^7^5^ 3 ^;fM.Tg^4 icD^^v- 

\L-v-ni^w^4^(rmr^(D^^^vv^mz. m^kn 

[0 0 4 0] |l2.0^^3t^Mfi-"fi5^7^^T 

ctii. ^it^TtM-rti. mm^iz^xi^—u^^jitm 
^4 i:tm^yt^j^ 3 ^'^LTi8S/J^fg^^tTI^^^lt$ 
n^o ^^mytm(Dm^mm.^m\^^^:it\zjZ'ox. m 
m<Dj:o\z. -1/^mytmx^miE^mhi^^mm (x^^n 



(7) 
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^^$>^o C(Drz^iZ\t. (i = 

I'-'N) ^^4±c7)^^£;-r^i^3'> hm^ (s i t. 
t^) h<D7^^ }^>h^^nmzn'D*^<mt^^^o ^ 
cDy^'i'^>hcofc56tc. ^m(r>^mymm\z\t.]y^ 

[004 2] 1^ 3 t a. :*:0O<7)U^^;i/©T^'f >^>h^ 

^tc7t^m<7)g^V"^^i 2fim^^n. mm-^ 
-^mi 1 2 ±\zxi5\^izm^mmxm:^\^-i'^m(D i 
^aymm-^-^ 1 3 A, 1 sBtm^^nxi^^. ^ 

1 3 A, 1 3B(DJ^B^tC{i. ^TlfiT^I L 
75^^5«^nfcBg§g3feT^?^^3^JtC^V-^7 1 
3 A. 1 3B^H^?gr^.^?g^75t^^nTli^o VX 
5^— U^^;i^R i <OT^-r;*>h^(Cti. ia2CDXYX 

^£ffe-;r— 1 2Ji(D^2p-7— 1 3A. 1 3 BCO^ti 
^L>75^tit^^7t^l^ I 3<Dy(MAXiZ^Wct^<^^\Z. 

mm-^-^ 1 3 A. 13 Bd^m^d6^n>5o 

[0 0 4 3] ^fc. •T;^5^—u^^;i/R i CO/13'— >M 

^JtLT-h^^(^)2 0CDT^'f pC>hV— ^2 1 A, 2 

1 B7>^J^j5E;$nTt/i^o mm-^—^ 1 3 A, 13 B^or^i 
Ritl, T^-r>>h-^-^2 1 A. 2 1BCD^^^ 
3tCcfc^^/h^cDP«1Ri<J:St^#L<^^nT:feO, _h 
IHcT^cfc-pt::^^-^— i7 ISA. 1 3B(D^'L-^m^^^ 

Ax^z^m^^rz^mx\ mm-^-^mn 2<ommm 
f)^^m%^i 'Lt:mcTi^m(omm^xmmt^^h\zx 

^X. mm^~^l3A, 1 3Bc3D^3t^^3tC.fc-5 

^-^ 2 1 A, 2 1 B<D^m\zm^^n^. 

[0 0 4 4] ^neOT^-r>>hV— ^2 1 A, 21 

B <D±:^^z^yt^^ 3 e. cD.^?g^^ ± x:^r^aic^ 

#t"r^fces6CDS^— 2 2 A. 2 2B;^i«S^n> 5 ^— 

2 2 A , 2 2 B xKm^nTzmm^^^m-^ j: a tc t 
TR u;i/---tf - u^^^;!/) ^&^tr. P^^aui:;^® 
r^-r^>h-tr>iM 4 A. 1 4 BTi^e^ ^nru^o 

T^-r>>h-fe>tM 4A, 1 4Bti^n^nig^^ 
i:. CCD;^7^^^(02^tecCO^m^<h^m> ^<iD 
^^ST7t>^*T^-r^>hV-^2 1 A, 21B. RZS^ 

ft^-t^Mm-^-^ 1 3 A, 1 3B<Dm^mmv. ^(om 

[0 0 4 5] y^-i ;<>hm^9!mmi ^(omm 
m^^mmmmvx. mm-^-^i 3 a. 1 3B©^tc 
^'r^r^-i'>^>hv-^2 1 A, 2iB<Dx:3^r^, y 
:&fS]^cD{i®-rns^^d6> cn6 2m<iD^@ma^ 
9 \zm^r^. ^mmm s 1 1^. ^(d 2 mcd^ 



^^^o\z\y^^ )V7s'7~i^ 2<D\im^^^n^. 

tCJ:oT, gip-T-^lSA, 13BfC^bT, T^-f 
;?^>hT— ^7 2 1 A, 2 IB, t>triTtSVX3'— 

;i/R i <Dn^-ymm2 op^(Dmn^->^ i (JiLL# 

[0 0 4 6] m^^m^^h. •7y?.^-U^^JUR i ODiH 
/13'->P i(^^5t^^3tcJ:^^/hi^cD4».il^ 

ti, HMWcS^Px^-^ 1 3 A, 1 ZBCD^^L- 

imtmiiAx) \z^m^^^n. mn^-yv \<om 
$15 in9~yw$.2 0(om^) (Dmct^mnttx^n 
xm. msym\zw-n\zm^^n^. zzco^mvmjj^ 

-^S<DX^\n\^ Y^]p\(r>mm (XFo, YFo) ^lEtt 

[0 0 4 7] ^;rc> fl2tC:fel^T> ^?^^PL(^^J 
2 3t>^ix-6nTtieo T^-r^>h'tr>1t2 3(i. :? 

^3g^l 5(c#^^T^o r^-r^>hir>lf 2 3 

m^~^mi\ 2±.am^(D^m'^-'^^m^^x^^^ 

[0 0 4 8] ms\z^'r^o\z. m^4. ±.<Dx^\^(r>^ 
^\zmx\^-^^m(D 2 -DiDT^-i >c > h -7—^7 2 4 A. 

2 4 B;&^*J^^f^^nTti^o -ebT, -^:^^~U^^)VR 

[^3<oS^v-^ i 3 a. i 3 b, 

S1£4±cDr"^-<^>h-^-i7 2 4A. 2 4B<^^i!ib 

T, -en^'ns2pv-i7 1 3 A. 1 3B, msyy-i^ 

yh-^~^2 4A, 2 4B(Dy^^ :^>h±>'^2 30) 

^i^^^L^^z^-t^^m-rnm^nYmi-r^. z.n^<Dmm 
^Mit±mm^9\zmm^ti. ^zn^o^mmmm^mi^^ 
x^mmm 9 \t: mm-^--^ i 3 a, 13 B(D^*L-t^y 

^'I'p<>h-tr>-tf2 3co^tb4»'il^t::'^ifi:-r^^:#co^^ 

•^SODJgg^ (XPo, YPo) > JScZ^y^-i ?^>h'^- 
^24A, 2 4B<D^*L-^^y^^ ;Ayh±i>^2 3CD^ 

m^^biz^m-r^L^cDun'^^cDmm (xp.. yp 
.) ^^isb^a cintCcfc^T. m^^4(oy^^?^>hf}^ 

[0 0 4 9] CCO^^^. Sip-^— 13B(D^ 
>C> hV— 2 4A, 2 4BC04»^t>^<7)X:;^ 

Y:^\^<Dmm^^ (xpo-xp., ypo-y 
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P.) tu^o -^d-c, vx^-u^^;i/R i(DT^-r 
^yhma^un-Bscomm (xfo, yfo) \zn\^ 

T. "tCDr^m (XPo-XPi, YPo-YPi) ^fc 

-^2 1 A, 2 1 Bo:>^mm<D^'L^ m^^^b) iz. m 

Y^b^fBjtc^li-r^d^tCcfc^T. ^te4±©'^'iL- 
>p i (^^/h^p I i ^mytx'^^. 

[0 0 5 0] BP-^. 1114 tj:. i^ScDv^X^-U^i^;!/ 

^zmn-^^^T^^m^^v. :i(Dm4\zm^x. mm^ 

0[)SMCDr5-r^>h*7— ^2 4A, 2 4 B<D'ti.L>^4^ 
^L^iiLT, Xlft:SirJCYlfi{cW;&323-rH^tl}t^^(DA 

/l^— >^^2 5cO:^^^(i. (Ml cpj^-^^^— >3 
6^l/afg{r^/M.;rc;fc:^^-e^0> /^3^->®^2 
5;^^. X^rSl. Y^fSKc^n^'na^tCi^^fC^^fJi^n 
Tva^:/ h^J^S 1, S2, S3, SN (N= 

a') :^^^.mzm^^n^^ ->B^y hm^s i ( i - 
i-N) (D^m^^. m I (DW^^—> 3 6 ^mzm 4 <d 

^3t=^^3^^UT^/jN^L;rcJ^'^c^). i#S©M 
z^^'— >P ico^/h^P I i cD^Stc^^^nTU^o 
[0 0 5 1]^UT> ^^(0^7— ^>^Ix^^;l/3 4^ 

^J©^. ^01^^ 9 \-xm 2 <DX y;^5^— >^ 6 ^^mt^ 
h^i^s icDft'^^^. ±M<nr^^ ^yV\Z^'Z>X^ 

S^)^nT(.i^V7.5'— U^i7;PR i CD^^:5'— >P i CD 
^/h^P I i co^^4'.L-(c^fe-&i5,tfo ^CD^, ^Sd^ 
^ 9 Hl^ 2 (DP.^j^^ 1 f^c0^7Bl£i^CC>^7fe^^i^$ 

-ym^2 ^prc^mzm^^ntzw^^-xom'bmfi 

[0 0 5 2] Z.<D^'^\ZVX. m2(0^m<D'^%^~U 
^^)IR 1— RNCO^S/^^— >P l—PNOD^/h^^. 

r^dchT', ^M/i^->p i-PNcD^/h^(^. -en 

^^3t$tIfcdi:tC/cC^o dntCcfcoT. ^fe4±;3M 
i®^^^->3 6<&l/a^Ti^/M.;rc^^2 
^Tt^n^o -^(O^, S^4±(D:7^hU'>?Xh^^^ 

m7_^z^'rj:'jumw^^->2 7 hfj.'DX. '7-^> 



[0 0 5 3] ^d^T% ltfi:<^m*g4<D^5^tC^LT 
t^. -77.3'--l/^^;UR i C^)3^MtC^^^-r. g*S4IS 

ifs^zj:r)jEmzmm\-^nx\^^^o ^-dx. i^comm 

4<Dmyt^\Z.mm-^~'^13A, l3Bt^W.4t(D 

^mmw^^^^i\:^^^h^tu\^^<DX\ -^x^— 1/5"^;!/ 

R i (O^mmzlt. VX^-U^^^^^UR i ^S2flV— ^ 

1 3 A, 1 3 B izMvx^m^iDi±~rn{^^ < . i^^-r b 
^i^(D^x^~-u^>7)iR imiz. ^^4_LC0r^< 

;<>h-7-^2 4A, 2 4BC0fM^^tii-r^i£:^^ti;^j: 

->p i n> ^n^etiL^m-^—^ i 3 a, i 3 b tco 

iig^^^Ui:. tf^^f^8^CcfcO^-^$n;tX5=- 
— >?OT^1 0tCcfc^XYX5^— v^etT^^MSiJPtCcfc 

\t}^^r>^X'^U\^^. 

[0 0 5 4] t^^. ^*S4±tC{ii^^'rU^>^a6T^-rpC 
>h^-^2 4A. 2 4B^^ttT^<i^:'^^ti;'j:Vio d 
COJ^^tC_hiecDcfc'3tC-x'X3^— U^^;i/R i — 
><&S^4±Er-37^^^^*:»-a-Ti^/h^^'r^f^tC(i, ^ 

>t> h-T-^ 2 1 A, 2 1 B) fe^/h^^b. ^^-r^ 
[0 0 5 5] Egj ICDfl^fiSA^— >2 7tC^JA(^^ 

M/'i^'->t:mxL/^^—>h^m^^tix\^^^m'^. 
R a iz\tmm/^i^-y(D^t^]^^^n. w\<d 1 ^cd-^x 

p i tcit^br. ^Tt^fr. iP-^Rg^^Tfe^^ 1 [Hcomut^ 

zs^^'^^3<Dmowcm^^itr^^oizvxh^ 

^fz. -^(DM^^^^mmitT^rzib^z. 
j^3(Dmmfim\zm^o:}^^y^)Ui^ (i^^t^^^my^ 
^muLtzo. x\mm^m3<Dmm^m^4' 
(ommt^m^mm\^xmMmz^^i±^i^tDip^m 

[0 0 5 6] m^\^. Mx'X^/^^->7&^^^/^^-> 

(mmy^i^~~y) x^^t^^t^mmmm^mmi.. yt 

^rzimrirzm^<Dmmmmzm^-r^. ^fz. m-^ 

^^^trt^tcti, '^(Dn^—yx'^T.^mk^nm. 
x^^^f^\z^Q^^7.^Wm:m^^^<r>m^\z'il^'Dtz 
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[0 0 5 7] ^fz. ■TX^-P^^;UR i CD-B^^^J^ 

W\-y 1 — ymr^acD^miyy hTx^^T-^oT^bJ: 
lie mz^f^mm^mmm^x,^y-y^mmx\t. -^x^ 

[00 5 8] ^tc. y — ^>i^U^i7;U 3 4 ^^«T^ 

\^^^%\z-:>^^xmmt^. y-^>^u^^)i3 4^ 
h-r^h. ^<D^yt^m4 2(Dmmi^mzi^. m^m 

mm^m^m^^x'^:^i^-u^^)iR ia:>m^m4± 
(Dz^3^y hmms i izmm-^mzmyt^m^-r^^cD 
^t^^r. Mf^^i^mmM^m^'r^<k3izw^^ 
^ 3 <Dj^m^miEvxi^< t.mz. M^^^^mu^ 
^x^^rci>mm-^j:o^z^yt^^3<D^^ xh- 

[0 0 5 9] mz. mzcom^myemmfim^itxy^^y 

f ^i:, -^(D^mo^mmm^iz^^. mwMnjWffmm 
m^(D^mhfSi^^^ty^^7.^zjL-mmitm^Lx\.> 
^m-^^^^}^. ca^m-^^zu. '7~-^>^u^^)V3 4 

[0 0 6 0] mz. ^mcD^oizmm-^nrzim i oc?— 
^y^w^^jis 4^m^^xmyt^ffom'^(oW}f^<o~- 

4^mmLrzmn'-^mmytmm<DW^t:^v. ^<Dm 

5, XEd:4^) (D^3¥:^^4 2^^LT'>x/NW7&^*E 
:$^^^LTIi?4^4 3±tC^it^n, ^^^4 3(3XY 

7.^-i^4 4±\zm^-^tixi^^^o un-^4 3±<D^m 

m4 5mX, 4 SmYJkZJf^^J^^U—^^^miZX'D 

xsfm-^n^mm\zm':^\^^x. xY:x7'-i^4 4^^ 



[0 0 6 1] ^fz. Un-^4 3±\zmm'^-^ 4 7 A. 

4 7 B^m^-^ntzmm-^-^m^ 4 e-^m^^n. ^ 
-^>^u^^)i3 4(on^-'>w^2 b^x:^mz^ 

ts^o^zm^^ntzyy-i 2 4 2 4B 

>it4 1 A, 4 1 BTii^'KM^nrii^o ^(om-t^z^. 

i74 7A. 4 7B. T ^-f P<> h V— ^7 2 4 
A, 2 4B. Ri:^y^^ ^>h±y^4 lA, 4 1B^ 
ffiUT. Un-^4 3^znVXy-^>^U^^Jl3 4CO 

fflv^T, ^x/Nw±<7)#'>3'y h^j^4 8<^y^-r;<> 
hm^4s^m:^m^^m^z^m^sb{.rzm:. 

^V^^)\^3 4<J>n^—yW^2^\zn\^X. ^^^OD 

^m9t^%^ D x^^v--^ i/-if7t^cD^^ I L 1 

ItT^d^-e, n^->^^2 5P*g(DlMfigA^— >2 7 

^m^h^^ 1 X 0 T^/J^ bfc^ 2 7 Wd^*'> 3 4 

h^^^tZ^^/1^->2 7 0iBg/h^<&^7tbfc^. ^X 
AWCDS^il^fToT. Xry5^>^^C>yn-t:yC.^||fTT 

[0 0 6 2] »7-^>^I/5^^7;i.3 4CD^>1OTC7) 

■r^o ±fH<D^Jg(©J^^Ttd:, ^j^^7t^SXS^4± 

>P i (omiBm^'^:x^-U^^)VR i (D^^±f:iisii 

h-^7.^cDmw^^->^mtmm^^m^\z^mm^ 
[0 0 6 3] mjLi^^moyimmmm^^i^. :i<Dm9\z 

-ST) iMt^^m<Dwm-)\^^^\(h±M\zmM.^ 
g*s:i^;w^5 itsii^#5 6±t3S^^n. itiBf^ 

5 6Jitcm^5 5(DMr^'r^2jaifi^^T;^{cf^^t-^ 

@^lf>52A, 5 2 B75^^ttt.n, ^^5 5t^±Mc^ 

M?4-^5 6tSXYX^->?5 7tC<i;oT^-X5 8 
±T2^5c:^f&){CpJi!iT^^o li^^ 5 6 cD^imi, S 
S!lM5 9m:Rr/U— tf^^tt5 9 tCJ:oTff-^J^n. c: 
cOfh^JM^^'^W^ 6 0:RtKX7"->^rai?^6 1 tC#fc^^ 

nTo^^„ x5"->?^^6 Its. ^oDfh^M. :&t/$ii 
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[0 0 6 4] mtS5 5CD±:^fC^jK.t^U— ift'-ALB 

(DrnmRumm^mm l t/^ ^ - > ^jspt ^ is® ^ . 

— tfti-i^LB, Xtim^t— AEBiC^S;CT> y'rth 
[0 0 6 5] S^5 5 0D/^^— >MCD^?^« 

[0 0 6 6] fX^. y:t hVX^CO^^CD^^a^H. 
{ ^(15 (B) tC:fctiX. g^4^;i/5^5 l<DS^4i:(DS 

m^mmi^xmm^T^iz-riff'^it^t>(D'v^-ox^j: 

[0 0 6 7] :*:ilOTi-hi^<D|^CDJ^^{rPg^^ 
[0 0 6 8] 

[0 0 6 9] mz. m'^:^^f)^^<D^'^mmzj:->xy 
^i-h-^y^^mm-r^^miz^^^x^^i. ^m^mzj:^ 
/^^~>itmm^(Di&T^miE'r^c.t:wmLU'Dxi^ 
fz-^^. ^mm\z^r)^ /t^->^mmm(oi&r^^±^z 

i^rzAi^~'>^m^^<DmTx ^ <nn^-y \z^Wi b , 
moyn^~-y^^-X\^tzn^~->(j>-W^^^fz^> ^\ 



\^x^n^w>u^^^'m'T-^x. t^^m^Wi\zf\s^\.^ 
Y'}yvm.x^nx^^. ^Tz. m-^^^^o^mmmm 
^(Dm'^7.^cD/^i5^->(Dm^i^mmitx^h^ 

oMhxmmx^^rzib. ^(Dy^h'^x^^^m.^m 
mt^m-^^z^. m^o^wMn^-y^Mmm^z. t^-^ 
m.mfmzm^x^^m.^f)^^^o 
[0 0 7 0] ^fz. :^%m(Dy^h'^y.^(Dnm.mm\z 
^n\t. ^^m<Dy:th'^y.^(Dm'ik^m^mmx^ 

)v (y:t h-^y.^) <Dmmj:.m<Dmmizm^^mx^ 

[ 1^2 ] ^(Dmm(Dmmco—mx^(Du-^>^u^^ 
ju^m^r^mzmm-^n^^^^o^mn^^mmmytm 

Ji'O^T^^ ;^>h^ffz>m'^^^'t--^^WK)^\^^rz^ 

m<Dmmmx'$>^o 

j\^(om/^i^->(Dm4^m^^m4±;z^^'r^m^^^ 
-rmuo^mmmx^^. 

[US ] (A) tia2<Dg^g4CD^^t^M^^-rK^^ 

mm. (B) (iM2.c>^^4co^lt4:^c^^^Ti£:k:llT 

j\^<D/^i5^~->^^ji/\±iz^'t^^Bmytmm<Dm^ 

mi ] mA<^^^ytmm\zmm-^tirzu-^>^u 

[MS.] ^(Dy—^>^u^^Aa:)^miz^^/^t^-> 
(D^mrn(ommizmr^mx$>^. 

[f^-^(Oi$i5g] 

Ri-RN ^x^—U'^^jv m-ryc^) 
pi-PN ^m^nrzm/^^-y 
3 -^yt^m 

Sl-SN m^4±(Dy3^yhm^ 
6 XYX5^— :^ 

9 ±mm^ 

1 3A, 1 3B ^2^V— 

14A. 14B u^^jmcDT^-^ ^yh'ty^ 

1 6 U^'^^l/^'f :/^U 
18 X^-TFg® 



(II) ^mW-l 1 -1 9 4 4 7 9 



1 9 U^^jUa-y 

2 1 A, 2 IB ■7X^^.-^5^^;U<7)X^-f p^>>V— 
2 4 A, 2 4B SfeOT^-f ^>h-7-^ 

2 7 mw^^—y 



3 5 [Hlg§/1^-> 

3 6 mny—y 
5 1 s^zf^;i/y 

52A, 523 S^e> 
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